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Abstract-This research deal with investigation the influence of burnishing operation on the corrosion resistance of low carbon steel. The burnishing operation involve pressing a hard roller made from stainless steel on the surface of the rotatory shaft, this operation leads to the formation of a plastic deformation on the surface of the steel. Burnishing feed and burnishing speed were the variables which are used for this study. The first group involve hold burnishing speed on 125rpm with variable feeds of 0.6, 0.9, 1.5, 2 and 3mm/rev and the second group involve hold burnishing feed on 2 mm/rev with variable speed of 85, 125, 370, 800 and 1200rpm. The corrosion test was done via applying potentiostat at 23 º C in sample of water from Tigress River at upstream Samara'a barrage and groundwater (Yousifia salt well 90m below ground surface). The result showed that there was improvement in corrosion resistance of the steel were the corrosion rate reduced from 7.577 mpy to 0.685 mpy in sample of water from Tigress River and from 8.878 mpy to 1.38 mpy sample of water from groundwater.
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I. INTRODUCTION
Most metallic materials experience interaction with surroundings. Frequently, these interactions damage a material's utility and lead to deterioration of its appearance, mechanical properties (e.g., strength and ductility), physical and other properties. Mechanisms of deteriorative are differ from material to other. In metallic materials, there is loss in material either via the formation of nonmetallic film (oxidation), scale or by dissolution (corrosion) [1] , [2] . Corrosion is the result of the deterioration of alloys or metals as a result of revers interaction with surrounding environment [3] , [4] . The driving force for a material to oxidize is its free energy of oxidation and when the material reacts with oxygen, this energy will be released [5] , [6] .
Steel as an alloy of iron and carbon is regarded common engineering material and it is applied in a wide range of application like appliances and automobile and play a major role in machine design for base plates, chutes, housings, structural members and countless machine components [7] , [8] . Low carbon steel has carbon content of 0.15% to 0.35%, and it is the most common form of steel as it provides material properties that are acceptable for many Published applications. It is neither externally brittle nor ductile because of its lower C content. It has lower tensile strength and is malleable [9] , [10] .
Burnishing process can be defined as a cold working operation where the plastic deformation happens via applying a pressure throw a ball or roller on the surface of metal as indicated in Fig. 1 and because of this it will lead to improve the properties of metal. This operation will make the surface harder and smoother, generating a finished which will last longer than the material that has not been cold worked via burnishing operation [11] , [12] . All machined surfaces have sequences of valleys and peaks of irregular spacing and height, the plastic deformation produced via roller burnishing operation is a displacement of the metal in the peaks into the valleys under pressure. This result in work hardened, tough, corrosion and wear resistance surface [13] , [14] . [17] , [18] .
IV. EXPERIMENTAL WORK
Low carbon steel is the metal which was applied for this study. The metal was analysis chemically via Thermo ARL 3460, optical emission spectrometer at a moister rate of 25% and 25.5°C and by contrast the results with American standard it was evident that it was type (AISI 1017) carbon steel as demonstrated in Table I . The steel was obeyed to stress relive treatment via placing it in furnace at a temperature of 200°C for three hours to relieve stresses as demonstrated in Fig. 2 . 1. The specimens were grinding via applying grinding machine, the abrasive papers were replaced in device to grinding the sample gradually and the papers which were used in grinding were (400, 800, 1000, 1200, 1500, 1700 and 2000) respectively. 2. After grinding process, polishing operation were carried out by applying gloss cloth with diamond paste for polishing the sample. 3. the specimen was immersed for 20 second in etching solution (consist from 2% HNO3 acid and 98% Methanol alcohol) then it was washed with distilled water and dried out to be ready for microstructure examination 4. Via optical microscopic at X200 the microstructure of the steel without surface treatment was seen. It consists of light region (ferrite) and dark region (pearlite). As shown in Fig. 3 . 
B. Burnishing process
The specimens applied in this study are treated with burnishing tool and the operation is accomplished via using lathe machine as explained in Fig. 4 . In burnishing process two variables were used; these were burnishing feed and burnishing speed. The operation is done on 20 corrosion samples. The first group consists of fixed burnishing speed and change burnishing feed, where the speed was 125rpm and the feed was 0.6, 0.9, 1.5, 2 and 3mm/rev. The second group consists of fixed burnishing feed and change burnishing speed, where the feed was 2mm/rev and the speed was 85, 125, 370, 800 and 1200rpm. 
C. Preparations of Corrosion samples
Corrosion sample was very small and it was impossible to make burnishing process on it, so to prepare the standard sample for corrosion test in addition to making the burnishing on it we need to:
1. Reducing metal shafts diameter to 10 mm (standard diameter for corrosion sample). 2. Carrying out the burnishing technique for shafts via using conventional lathe as explained in Fig. 5 . 3. Cutting rods to a length of 12mm in order to prepare the corrosion samples, then drilling samples with diameter of mm and then threaded to 3M. 4. Finally, samples were cleaned by using acetone before test as indicated in Fig. 6 . 
D. Choose corrosive mediums
To investigate the corrosion resistance of low carbon steel, two different mediums were selected as indicated in Table II, Corrosion test was applied to measure the rate of corrosion for the specimens via applying Gamry series (G300) potentiostat device which present in the computer as indicate in Fig. 7 , the experiments carried out by Tafel test. This test was occurred for both corrosive mediums at room temperature (23°C). The device consisted of 3 electrodes as indicate in Fig. 8 : The first one was the working electrode (W.E) and its sample name that is being tested, the second one is the graphite and it is applied as an auxiliary electrode, the third one is a Saturated calomel electrode (standard electrode). The data and results will appear on the screen monitor via Gamry software (program Echem analyst) which shows corrosion rate data and curves.
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A. Electrochemical polarization tests in water sample from upstream Samara'a barrage
The corrosion test was done on (AISI 1017) steel before and after burnishing operation. This test was done in a sample of water from upstream samaraʹa barrage at room temperature (23°C). Fig. 9 and 10 indicate Tafel tests for steel specimens in this water. It is clear that there are slight differences in cathodic reactions, fastest cathodic reaction was for the sample without making burnishing operation on it which means it has the highest corrosion rate, while the slowest reaction was for sample that cold worked with burnishing operation with a feed of 2mm/rev and speed of 1200 rpm, this means that it has the lowest corrosion rate. Fig. 9 . Tafel tests for (AISI 1017) steel in water sample from Tigress river before burnishing and after burnishing operation when the speed was held at 125rpm and the feed was changed at (0.6, 0.9, 1.5, 2, 3 mm/rev) Fig. 10 . Tafel tests for (AISI 1017) steel in water sample from Tigress river before burnishing operation and after burnishing operation when the feed was held at 2mm/rev and the speed was changed at (85, 125, 370, 800, 1200rpm)
It was clear that when the burnishing feed increase, the corrosion rate decreased until reach to certain value, after that value, the corrosion resistance improved but at value lower than the highest value that was obtained as indicated in Table III , this perhaps due to the lapping formation which perhaps induce corrosion initiators or porosity. And when increasing burnishing speed, the corrosion rate decrease until reach to the lowest value of corrosion rate which means better corrosion resistance obtained as indicate in Table IV , this is because of the plastic deformation on the surface, where there was rearrangement of the grains at the surface of the steel because of the cold working operation. 
B. Electrochemical polarization tests in water sample from groundwater sample (Yousifia salt well 90m below ground surface)
The corrosion test was done on the (AISI 1017) steel before and after burnishing operation. This test was done in a sample of water from groundwater (Yousifia salt well 90m below ground surface) at room temperature (23°C). Fig. 11 and 12 indicate Tafel tests for steel specimens in this water. It is clear that there are slight differences in cathodic reactions, fastest cathodic reaction was for the sample without making burnishing operation on it which means it has the highest corrosion rate, while the slowest reaction was in the test of sample that cold worked with burnishing operation at a feed of 2mm/rev and speed of 1200 rpm, this means that it has the lowest corrosion rate. It is clear that when the burnishing feed increase, the corrosion rate decreased until reach to certain value, after that value, the corrosion resistance improved but at value lower than the highest value that was obtained as indicated in Table V. And when increasing burnishing speed, the corrosion rate decreased until reach to the lowest value of corrosion rate which means better corrosion resistance obtained as indicated in Table VI , this is because of the plastic deformation on the surface, where there was increasing in dislocation density and slip bands. 
C. Chemical analysis of corrosive mediums
After the test of corrosion, the sample of water was analysis chemically to find the parameter that helped to corrode the metal. The first 8 parameters in Table VII is the reason for the corrosion of low carbon steel in these media and that was clear by comparing the values of each parameter before and after corrosion. Cl -, Ca +2 and SO4 2- were the most corrosive parameters which lead to the corrosion of the metal. 
VI. CONCLUSION
Burnishing operation which done on low carbon steel (AISI 1017) caused improvement in the corrosion resistance of the steel and this improvement abstracted in the following points:
1. From the comparison between the two different mediums it was evident that the water sample from the salt groundwater was more corrosive than the samples of water from Tigress River. 2. Increasing feed of burnishing lead to enhancement in corrosion resistance, where the rate of corrosion lowered until reach to certain value after that value the corrosion rate reduced but at value higher than the better value which obtain. 3. Increasing speed of burnishing lead to enhancement in corrosion resistance, where the rate of corrosion lowered with increasing speed of burnishing. 4. The better improvement in corrosion resistance was at feed of 2mm/rev and speed of 1200rpm, where the corrosion rate reduced from 7.577mpy to 0.685mpy in water sample of Tigress river and from 8.878mpy to 1.380mpy in water sample of salt groundwater.
